Abstract -Blood samples were taken from, and interviews were conducted with, 76 persons injured in motor vehicle crashes, and from 126 controls with a home and leisure injury. The analysis was undertaken by modelling the data through conditional logistic regression, controlling for gender-and age-matched variables and other potentially confounding variables, including education and visual acuity. Detectable alcohol levels were associated with a 4.9 relative risk (95% confidence intervals 1.4 to 16.8). The population attributable fraction was about 10% with wide confidence intervals. There was no evidence for a safe threshold in these data. The increased injury risk associated with detectable bloodalcohol levels was disproportionally, albeit non-significantly, elevated among occasional drinkers in comparison to regular drinkers. We conclude that alcohol intake is an important cause of road traffic injuries even in the context of the Mediterranean countries where alcohol is taken in moderation and mainly in the form of wine during meals.
INTRODUCTION
There is evidence that driver-related behavioural factors dominate .as a cause of motor vehicle crashes, and contribute to the occurrence of 95% of the associated injuries (Evans, 1996) . There is consensus that driving under the influence of alcohol affects driving behaviour in a complex way that both reduces driving capability and increases risk-taking (McLellan et al, 1993; Anonymous, 1994; Edwards et al, 1994; Wagennar et al, 1995; Alvarez and Del Rio, 1996) . Legal blood-alcohol concentration (BAC) limits vary by country and even within countries but there is wide agreement that effects are clearly discernible at BAC levels exceeding 50 mg/100 ml. A grow-*Author to whom correspondence should be addressed at: Department of Hygiene and Epidemiology, Athens University Medical School, 75 M. Asias Str., Goudi T.K. 115 27 Athens, Greece.
ing number of scientists, however, have argued that substantially lower BAC levels adversely affect information acquisition and processing, making error-prone several tasks that require divided attention, such as steering and braking (Anonymous, 1986; Gijsbers et al., 1991) . In recent years, several authors have argued for reducing the BAC limit (Gijsbers et al., 1991; Ferrara et al, 1994; Guppy, 1994; Buser et al, 1996) and some have suggested that for young and inexperienced drivers zero tolerance may represent the best policy (Dunbar et al, 1987; Martin, 1996) . -In Greece, consumption of alcohol in the form of wine is widespread, particularly among men, and moderate drinking is even recommended due to the beneficial effect of alcohol on cardiovascular risk. Overt drunkenness, however, is not as common in Greece as in most other European and North American countries, because wine is drunk mostly with meals and, as a rule, in moderation (Willett et al., 1995) . We have attempted in the present work to evaluate the effects of BAC on motor vehicle crash risk by undertaking a case control study in Athens.
METHODS
During an 8-month period from 1 September 1994 to 30 April 1995, 76 persons injured in motor vehicle crashes contacted the Orthopaedics Emergency Service of the University Hospital (Laiko General Hospital), Athens (Greece) Medical School Campus. The patients studied were brought to the hospital during one full working day each week (three 8-h shifts) and blood samples were taken before their eventual hospitalization. Controls were persons with leisure and home injuries brought to the same hospital service during the same period matched for gender and age (±5 years). The protocol called for two matched controls for every case -the first two that became available -but for 26 cases only one eligible control was found. Blood samples were taken from all study participants following the same procedure. The average time between accident and blood sampling was about 120 min among both cases and controls, although there was some variation in this time within each series. Following admission of cases and controls, all study participants were interviewed in person by one of us (A.S.) using a precoded questionnaire covering socio-demographic, medical, and lifestyle variables, including drinking habits. The reliability of the individuals concerning their drinking habits (self-declared regular vs occasional drinkers) was assessed in a subsample of 29 individuals using the Michigan Alcoholism Screening Test (MAST) questionnaire (Nystrom et al., 1993) which probes incipient alcoholism; the results were satisfactory.
Alcohol concentration in blood samples of the study subjects was determined blind using a Perkin-Elmer Sigma 3B gas chromatograph equipped with a head-space auto-injector, type HS16 (Ioffe and Vitenberg, 1984) . Quality control relied on daily calibrations using spiked blood which had previously tested negative for the presence of alcohol.
The statistical analysis was performed by modelling the data through multiple logistic regression. Although cases and controls were matched for gender and age, conditional and unconditional models controlling for gender and age generated essentially identical results, and we have therefore opted for the first approach, which is slightly more efficient (MacMahon and Trichopoulos, 1996) . Table 1 summarizes the socio-demographic characteristics and the medical profiles of the study participants. About two-thirds of the cases and the controls were men and the sample covered a wide age spectrum. Cases were of a somewhat higher educational status, but of similar marital status. About one-quarter of cases and controls reported one or more chronic medical conditions, mainly diabetes mellitus, cardiovascular or respiratory conditions, and about 40% in both series reported taking some form of medication, at least twice a week, in the last month (analgesics, hypertension or diabetes medication). About one in seven of the study participants had taken medication with mood-affecting potential, mainly antihistamines, during the 12 hours prior to the accident and approximately 40% of cases and controls had defective visual acuity. Overall, however, there were no striking or statistically significant differences between the two series with respect to the studied socio-demographic and medical history variables, with the exception of education. Moreover, none of the variables in Table 1 confounded the association of alcohol with the occurrence of a road traffic injury in multivariate modelling with the exception of education and visual acuity. Table 2 presents the distribution of cases and controls by type of injury. Among both cases and controls, the most common injuries were upper and lower limb fractures, dislocations and sprains.
RESULTS
In Table 3 , univariate data for blood-alcohol levels among cases and controls are presented. Alcohol was detected more frequently among cases than among controls and, although the exposure response trend was not linear, the trend test was statistically significant. In conditional logistic regression (Table 4 ) that also includes education as an ordered variable and visual acuity as a categorical variable, detection of alcohol in the blood was a significant predictor for road traffic injury. In fact, control of confounding by the two covariates made the association of blood- alcohol level with road traffic injuries even stronger. In this study, there was evidence that detection of alcohol at any level was a risk factor for traffic injuries, implying the absence of a threshold. The data, however, do not allow a definitive characterization of the shape of the exposure-response curve.
In Table 5 , the relation of blood-alcohol levels to traffic injury was evaluated separately among persons who admitted being regular drinkers (30 g or more of ethanol/day) and among occasional or self-declared non-drinkers. Although non-significant one-tailed P for interaction equals 0.10, there was evidence that the relative risk for traffic injury among persons with detectable blood-alcohol levels was higher among occasional drinkers than among regular drinkers (point estimates, with wide confidence intervals were infinite and 2.5 respectively).
DISCUSSION
This investigation has several advantages. First, it is a case control investigation, whereas most other studies have only determined BAC among persons with motor vehicle injuries, but not among comparable controls. Because cohort investigations are not feasible for evaluation of the association of BAC with road traffic injury risk, the case control design option is the most valid traditional design. Second, the control group allowed blood sampling without selection bias due to incompatibility of study base or refusals. Third, blood sampling was taken at admission and the samples were analysed blind at the University laboratory, thus minimizing information bias. The study has power limitations due to the low overall prevalence of overt drinkers in the study population; an inherent problem when a lowfrequency exposure is investigated and resources are limited. Moreover, although the interval between the occurrence of the accident was similar in cases and in controls, the sampling did not take place at the accident and passage of time has led to the underestimation of BAC levels (McLellan et al., 1990) , which, however, were of a non-differential nature. The use of home and leisure injury controls was mandated by ethical and methodological considerations, as drawing blood from healthy non-hospitalized individuals is accompanied by high refusal rates. There are also strong theoretical arguments for choosing controls with diseases as similar as possible to cases, but with a different aetiology (MacMahon and Trichopoulos, 1996) . Furthermore, the use of individuals with home and leisure injuries that could also be related to alcohol intake as controls would only reduce the alcohol effect estimates. BAC levels are considered superior to breathalcohol concentration tests, because the latter measurements vary substantially both in absolute terms and in relation to BAC as a function of the interval between the accident and blood sampling (Jones and Andersson, 1996) . Both BAC levels and breath-alcohol concentration have shortcomings and novel approaches have been recommended and tried in order to assess more validly alcohol intoxication (Nilssen et al., 1996) . Alcohol can affect the road traffic injury risk at four levels: (1) long-term reduction of driving capability, that has been documented among alcoholics and chronic alcohol abusers (Lex et al., 1994; Ross et al., 1996) , but was not an objective of this investigation; (2) short-term impairment of driving capability, that has been established through studies in transient, situationspecific contingencies (Dunbar et al., 1987; Gijsbers et al., 1991; Ferrara et al., 1994; Guppy, 1994; Buser et al., 1996) ; (3) enhancing risk-taking behaviour on a long-term basis (Alvarez and Del Rio, 1996) ; (4) encouraging irrational short-term risk-taking (Donovan, 1993; Nau et al., 1993; Foss et al., 1994; Petridou et al., 1997) .
Our study confirmed that alcohol intake significantly and sharply increases the risk of a road traffic accident. Moreover, the lack of exposure response argues against the existence of a safe threshold and in favour of a realistic reduction of the legal limit of 50 mg of ethanol/100 ml of whole blood. Our findings, however, cannot be interpreted as directly supporting zero tolerance, because alcohol is metabolized at a rate of ll-22mg/dl/h (Bamhill, 1997) and measured levels should be adjusted upwards in order to reflect more accurately those at the time of the accident. An intriguing finding of our study that has also been reported from other investigations (Clapp and Segars, 1993; Hurst et al., 1994) was that, at the same alcohol level, regular drinkers were at lower relative risk from a road traffic accident compared to occasional drinkers. Nevertheless, regular drinkers were still at increased risk and, at the population level, they account for a far larger fraction of all road traffic injuries than occasional drinkers. The interaction of BAC and regularity of alcohol consumption as the cause of road traffic accidents was not significant in our data, but the suggestion is compatible with evidence from other data sets.
The proportion of individuals among cases with detectable alcohol levels was 9/76 or about 12% and the adjusted odds ratio (OR), which is interpretable as relative risk, for a road traffic accident among these individuals was 4.9. Although the lower BAC among individuals who tested positive in our study was 32mg/100mL adjustment of this value for the metabolism of alcohol during the interval between the accident and drawing blood brings this value close to the widely used limit of 50mg/100ml. Using a formula derived by Miettinen (1974) , it is possible to calculate the proportion of road traffic injuries in Athens that can be attributed to alcohol intake. The point estimate is:
OR
(where n is the proportion of individuals among cases with detectable alcohol level, i.e. ~12% in this study), or about 10% with wide confidence intervals that reflect the low prevalence of drinkers and mandatory adjustment for several covariates. This estimate could be different and probably higher in highway injuries or in injuries during the late night hours. It was also higher in earlier studies undertaken in Scandinavian countries (Evans, 1990 ) and the USA (Honkanen and Smith, 1990) , reflecting the correspondingly higher prevalence of drinkers and BAC levels.
hi conclusion, the results of this study confirm that alcohol intake is an important cause of road traffic injuries, even in the context of the Mediterranean culture in which alcohol is taken mainly in the form of wine during meals. Our results are compatible with those reported from a case control study undertaken in another Mediterranean country, Spain (Cia Lecumberi et al., 1996) . The data suggest that even low BAC levels increase injury risk, but do not conclusively indicate that zero tolerance is a necessary policy. In line with the earlier findings of other investigators, there was a suggestion in this data set that ethanol intake increases the risk of traffic injury more among occasional drinkers than among regular drinkers. Thus, our findings provide support to the conclusion of other investigators (Nilssen et al., 1996) that biochemical determination of alcohol should be complemented with interview-derived data in order to maximize the information that can be gained from epidemiological investigations.
